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The  Theory  of   the  Formation  ok  Sedimentarv 

Deposits.' 

A  Dediiftive  Study  in  (J.-oln^ry  ;i,i(I  Its  A|>i.licati<)ii. 

By  Alfkei.  W.  (J.  Wilson.  ,Mc(;ill  Iniversity.  Montreal. 

After  the  coiniiletioii  of  ih..  stiuly  of  the  j^t-oloi^v  ,jf 
nny  considerahle  superlicial  ami  of  thf  eartli's  crust  the 
geolo<,'ist  usually  attempts  to  interpret    the  various  f(.nn- 
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"ll"ll.t     will,  I,     )„.     1,.,        ,.  , 

^^rn...   a iJ.:,.        'r  '''■"''■••''''•'-'''•'   t ... 

'""'-^-  Ti...... .:'.':.;?' ^••' ^-»u..i.L 

'■'.-■a......  ..n,...,i  ,'','' *^^'''; '—....in...!.,!... 

•'      "t.  •'■••Mil  III-        ...      ..      I   .  1       , 

'■""*'"""""""i.-.wi.,vi.  ,i.,,.i  ."  '^""^v'-ii.'- ..r  tl.e. 

1— ' •'•'•' •■•-i.;:!;;r:;;:;7'''-^'--y 

^"'"•^•i....s  ...IV  I...  , '       "      ''^I'l"-    t'-r     sin.ilar 

^'-;;-'''-'-v"''-^.-.w::.;;;j;:.:::„:r- 

""'  .^''-'.".al  r,.„,.,.,,tion  „r   ,1. 

''"I"'-"" I  ■■'■.i„.',vi,.;i,l '!.•;';,;:-■"■"'-■ '-.■>■ 

'-M ::.:^:^:::;:^"^r  ""''''-'■'' 

■^»'i""fj  what    li.  "     "      ""'*^'>  •*"t»-'laii.,.,|.      I„   ,.^.. 

-■»«^-l  mt,.e..  as  a,,  il^      ,':'';■''  ''•■^'^-      ''''-  1^,.,. 
I'"J"'''"'"eciapplicati.,„..f  xU     ■  '•''"■'•  I'">t  of  the 
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Vniindiiin  liecttrd  of  Scienre. 


••niplia-.^  ii|H.ii  (•••itaiii  |.r.Mfx-i«'n  ..»'  fuiinniioii  ..f  .I'.li- 
iiK'iitiiry  .|f|M,^ii^  whiili,  iliMiiuli  ,ii.|.aii-iitl_v  .l»'|aiiurfs 
from  thf  iiuiiii.il  iiit>lli(H|  „i  t'..iiiiiiti..ii,  h.iVf  .ippiniitly 
Ihji'Ii  till'  •liiiiiiiiiirit  piiKi'.iM'H  ill  ihc  u'ruwili  ..f  uiir  yn-ali-r 
!*e<liii»«'iit.itv  f<>iiiiuti..iis.  Til.'  pn.l.I.iu  «.f  tin-  f..iiiiaii..ii 
of  '.lilt  lit. try  ili|M».its  iiliiftly  a.|in'oiis),  i-*  ciii^jtlcifil 
fK'iii  J  .le.liK  live  »t.iiiil|«iiiil.  i>iit  it  is  Ikim-  |  ii|h.ii  HtM<li<». 
iimrt'  nr  lens  tli'lVctiM-  .h  |u  ilt-tail.  nf  pi.^nt  -ifi.l.f.'jc 
|.r<M.'ss.'s  as  ihcy  iu«>  ill  prn-jrfs,  m  ..in  (ii.  ii  |.akts  ami 
elsfwlicif.  Kiisl  :i-i-*uiiiiii'_' (•.•rtaiii  tl.'iiitiitai  v  cniHliiitniH 
of  j,'fii.'ial  ..(•riiip'iict'  III  till'  toiiii  itinii  ,,i  >r.liiii.ntaiy 
ih'jMisitH,  iln'  clliM'ts  of  variation  in  .iiln-r  ,.|  tlM-st-  factors, 
siiiu'ly.  Of  in  hutli  >iiiiiiliaiii'..ii,ly.  ,iiv  ron«icl»'ici|  I.atfr. 
sfcoii.lary  fa(to|s-^-.;inc,.  i|„.y  are  l.'s«  ini|.oilaiil  or  aru 
li-ss  \vi.li'^|.rfa<l  in  tlifir  ui..Taii.)ti— are  intro.liiciMl,  an<i  i 
vt-ry  iVw  of  ill.'  tiiaiiy  coinplication-i  wliiih  ilu'v  woiilij 
proiliuf  in  llic  iiaiiiii'  of  tin"  rt'sulrin;,' .|.'|,osits  an- <-on- 
sidi'r.'.I.  Xatiiially  :l  will  l-c  fomi.i  that  ilif  in.i.aM'  in 
ill!'  iinnilK'r  of  variant  factors  ic-iiiIt-<  in  an  iiicrca>ci|  <  uni- 
l»lc\ity  of  product,  ami  it  is  iimlcr  ih,;  ojicralioii  of  ijioc 
t'oiiij.Ii'x  conditions  that  similai  r«'siilts  may  Im-  prodiict'il 
hy  ji|occs,se.s  wliich  are  not  exact  eiiuivalelits. 
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Fit  L'RB     1. 


At  tlie  present  lime  it  is  ueiierally  concedeil  that  all 
the  j,'reat  sedimentary  foiniatioiis  were  laid  down  around 
the  iiiarf;iiis  of  L'rcat  ocean  ipodics  and  upon  a  ^.'radiiallv 
sinkini:  liind  siirfa(  e.  In  the  ','eiierally  accepted  hypothesis 
of  the  formation  of  sedimentary  deposits  aIon;;tlic  mar<_'iii 
of  a  slowly  siiikin<,r  land  area  what  may  he  termed  the 
normal  di.strilmtion  of  material,  supplied  l>v  th«'  waste  of 
that  laml  area  and  l.y  which  the  sedimeiitaiy  formations 
are  built  up,  will  lie  the  formation  of  areiiaeious  deposits 
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Citnfiili'in  h'frnnl  of  Sfitnrr. 


iil'l-.  ili.it  'tiiit!\  Hyn.  lir..ii.Mi.  I...U  m.iy  !,.•  i..iiii,i  m  .a.  h 
<.r  III..  Il.r,...  /..||,.,  iImmi'.'Ii  tl...  tin.  kli.--  „/..//  n,,;  ,;.„. 
$>,!., ;il,l,t  ,1,,./  a,,'  ,h;tl„  „/  „,„„  A,,/,  „„„^  „„f  1,,,,.^ 
»;fil,l,r<>i„„f,  ,;/.i:*f„f„fnri   ,„    III.    „lli,  r    /„,/, 

I'liiiti','  ill.-  iiiii..  ..t'  til,.  i',,iiiiiiij..ii  ..t'  aiiv  '.'iNfii  I.«m|  ).,i 
friiMip  .,t'  l...i,  i,.iiii.''|  within  ;i  •_'iv<ii  Miiiill  iiiUMV.ili  tl..- 
foriiiH  .,f  hiV  ,.M,iii,i;  ;,r  i|,(,|  I,,,,,,  will  I..  .|i, ml. iit.il  ..\.r 

tin-    sulfa..'    n|-    that     U..I,  ..,1,1,     ii,    ,1,     ,|,,„..|.M.lt.'    |..r.»llIV, 

thi' mui.|-!..\i„.^r  r',.ii„H  ii,  th,.  ^;,,„|  ^,„„.    ,|„.   ,„,|,|.l,,^,„._^, 
f"llii'<  ill  lilt'  ai.-.ts  will,  Ii  alt. ■!  Will.!-  l..-.-..|ii..  »lial.-,  aii.i  llit- 
fniiiiH    wlii.li    tliriv.'    U'st    ill    .|....|„.,    ,,|    ,l.-ai.r     wai.-r. 
U'VoihI.    At  til.'  liaiiMii..ii  /on.-,  wh.-i..  i||..|,.  i,  a  iiii'i'.'itii.' 
of   i'.,|i.|iti,,iH    til. -If  will  U-  a    iii..|jfiiiir  .,!'   {•,„n,s.       It    iiiav 
liupiM'ti  al-..  that  a  l'..iiri    n..riiially  a  liahilatii  ..f    ,.ii.-  /.,ii".- 
i.H  airi.l.-iitly  .ani.'.l  u>  aii..th  i.       Th.-M-  may  1».  i.-..'ai.|...| 
iiM  a.ci.ifiits   in    th.'    ii..riiial  .listiil.iilii.il.     o,,asi,.iially  a 
fuMii  iiii;.'ialiiii,'  fi'"iii  nil.'  /..Ill'  t..  aii..th.-i  will,  in  ilu-  pi..- 
ct'.ss  ..f  its  mij.'iali..ii,  tak.-  ..ii  -litt.-r.'iit  t.-atim'>  iN-caiis.-  ..f 
its  eiivin.iiin.'iit,  .'v.'iitiially  iiii.iHry.»iiiy  >ii,|,  <li,iti'4.'s  that 
It     wrMii.l     1m'    claHscI    a-,    a    s|...<it.s    .JiHi'iviil    In.iii    llif 
.l"sr,Mi.laiits  „i  its  [.ar.'iit  f<.iiii>  which  n'maiiit-.l   in  ih.. 
oiifriiiiil  hal.ital.     S..me  few  fcriiis    may  t'X=  t  in  all   thm; 
zones,  aiKJ  fossil  f..niis  ..f  tht'se    types  will   U-  of  special 
value  in  ihi;  corrt'latioii  ..f  Iwils  ..f  .litli'ivnt  zones.   It  must 
U'  n..t»'.l,  how.-ver.  that  in  the  study. .f  fossil  f..niis  which 
uru  foiin.l  comiiioii  t..  all  tliivc  zotj.'s  the  .lu.'stioii  whether 
the  forms  have   mi5,'r,ite.l  , luring  the  course  of  time  fn.ia 
one  /one  to  aii,.iher  mii-l  he  consiii.-re.r  and  the  he.ls  in 
which  such  simil.ir  forms  ar.'  foun-l   iiee.l  not  n.-cessarily 
bt.'  of   the   same  a<,'e,   hut    may   l.e   successively  oj.ler   or 
younj,'er  than  the  l.e.1  in  which  the  like  f,.rms  are  toim.l. 

In  the  production  <»f  a  series  ..f  .leposits  the  (in.ii  pro- 
duct is  the  function  of  many  varyin;,'  factors.  The  two 
most  imp,.rtaia  of  these  factors,  and  which  for  this  rea.son 
may  Iw  termed  primary  fact..rs,  are  the  Rah-  of  Ih'/nrs- 
»ion  of  (he  Land  and  the  Rat,-  of  Supply  of  Dehittis. 
Such  a  factor  as  the  Character  of  the  Material  mav.  I.v 
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CfDi'iflimi  livrord  of  Srictirr. 


<).     The  miilniiii  i.'iitf    .1'  l>('|in's^i.. ny  1„.  l,.ss   iliaii 

tho  Hiitt'  Ml'  Siipjily  ,,i  hfli-inis  whicli  is  Viirinlilf, 

Till'  i-fiiijiiniiit.'  six  nluioiiships,  wlicn  the  l.'iU.-  ,.f 
DclUfssiuM  is  not  iiiiil'iiiiii  l.iil  vaiialilr.  may  alx.  l.e 
taliiilatcil  in  a  similar  way;  m  ail  twelve  iflaiimisiiiiis 
may  lie  imliiiitetl  L'litjiliiealiy,  tims:- 


Ciiilnrm - 

>   riiit'nrm 

I.'ate 

I.'ate 

< 

1 1|' 

nf 

XI 

Siipi.iv 

>e]ne,ssi(iii. 

> 

"^          :^ 

1          '-f 

Vaiial.Ie  = 

< 

~       N'aliahle 

1  'ellitll> 

Wlieii  tlieic  is  iiiiit'urm  rate  iif  (|e|iressiiiii  and  iiiiit'nrm 
rate  of  supply  of  cletiitii>.  liie  rate  nf  the  latter  lieini;-  less 
lliaii    the    lute    nf    (lepressinii.    the     seawanl     zones    will 
^'ladnally     enernaeli     upfni      the     slmrewaid     /nnes.     the 
iiialeiials  nf  the  .-hale   ami    saml    /nnes  will    liemme  enm- 
iniii<,'le(i,aiHl  it  may  o\en  happen  that  the  liinesinne  will  lie 
tlepnsitcil  directly  iipni!  what  was  the  oldlaiid  snifaee.    in 
this  lattef  event  the  lower   Keds  Wnnld    he   ajit    to  l>eenme 
ealearenus  yiiis  of  eniiLdnnieiales.       Such  cnnditinns  seem 
to  have  existed  at   ntie   time  in   the   vicinity   nf   KinLTsIoii 
Mills,  Ontaiin,  when-  a  eaicaremis  cnni;iomeiate  of   i'dack 
Ii'iver  aue,  carryiii'^r  anmilaf  (piart/  fia<:ments.  casts  nf  a 
rameineeas,  and  fiamneiits  nf  ciinnid  stems  is  found  ie>t- 
iui,'  ilirectly  upon  an  Aichean  ivd   -raiiile.'      Sinnlai  cnn- 
ditinns seem    In   have   existed    in    the    Hudson  I'.av  I'.asin 
duiiiii,' a  poiLion  of   1  )evonian  time.      I'aiks  desciil.es  the 
oci'iii'ienee  of  certain  hevoiiian  corals  in  the  hasin  of  the 
•Moose    1,'iver   with    their    liases  attached    to  an    Areliean 
ho.ss.-     In  tile  inslance  cited  the  hossof  Laurentiaii  j^nei-ss 
proliahly  I'ormed  an    island   in   the  Devonian   sea  at   s(.me 
distance    from    ijie   shore   of    the    oldland.      The    rate    nf 
depression  was  slow  eiioitLih  for  the  formation  of  a  sand- 
stone eoiiulomenite  near  the  shore. 


1  WiN.iii.  Piiys.  OcmI.,  (  eiittnl  Ontario,  Cull  Inst  ,  Iran-.,  Vul,  VII.,  p.  l|i. 

2  I'nrks  III  lleport  of  the  liunini  of  Mlii.>»,  nntarto,  im.ii>,  ji.  iv«. 
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faclors  coiicriiieil   in   ilieir  (l<'|M>.-iitiiiii.     Wlietlicr,  iiiitk'r 
llit!St'    coiiditinii.s   iif     a    iiioii'    rapid    rate   i>i   .supply    uf 
tlelriUis    tliau    ralf    <>f    doprt'ssioii,    it    liappeiu'il    that    ii 
series  «»f  land  deposits,  the   shcjreward  extension  nf  the 
sandstones,  was  formed,  i.s  at  present  doubtful.     It  seems, 
however,   that    when    then-  were   siieli   hroa*!  .sandy  tidul 
Hats  as  existed  durin<,'  the  Medina,  dry  at  least  at  low  water, 
a.s  .shown  hy  the  mud  cracks,  that  the  li<,'hter  siliceous  .«and.s 
may  have  lieeii  lilown  upon  the  beach  in  the  form  of  sand 
•'unes,  leavin;,'  the  heavier  ferruginous  sands  as  a  residuum. 
Such  a  suiLT^estion  may  possibly  account  for  the  sinp;le  liand 
of  <,'rey  sandstone,  usually  called  the  grey  band  whi  h  ex- 
tends across  Ontario  from  Niaijara  Falls  to  near  'ollini,'- 
wood.     This  bund  caps  the  Medina  deposits,  and  is  a  fine 
textureil  compact  sandstone,  with  an  average  thickness  of 
about  twelve  feel.     It  is  traceable  from  east  of  the  Niagara 
gorge  to  Hamilton,  and  thence  northward  it  is  .seen  at  in- 
tervals from   Flaml)orough  West  to  Xottawasaga,  varying 
in  thickness  from  ten  to  twelve  feet,  but  preserving  a  nearly 
uniform  litliological  character.     On  U)t  24,  concession  10, 
of  Nottawa.saga,  the   niaxiiuum    thickne.s.ss  of  thirty-five 
feet  is  reached.     West  of  the  townships  of  Nottawasaga 
and  (.'ollingvvood  the  grey  band  is  wanting  and  tlie  Clinton 
is  found  in  several  places  to  rest  directly  upon  the  red  ami 
green  shales   of  the  Medina.     Where  the  surface  of  the 
i)anil  is  uncovered  (ami  it  may  be  .seen  in  many  places,  as 
the  softer  overlying  Clinton   has   been    eroded  .tway)  it 
presents  a  peculiar  undulating  surface  <piite  comparable  to 
that   found  at  the  present  day  in  localities  from  which  a 
sand  dune  has  recently  migrated.     In  one  locality  at  least, 
in  a  cutting  transverse  to  the  grey  band,  by  which  a  road- 
way ascends  the  Niagara  escarpment,  near  Grimsby,  the 
band  shows  excellent  cross  bedding  on  a  very  much  larger 
scale  tlian  is  usually  seen  in  typical  water  laid  deposits  of 
similar  texture.     (See  figure  :{.)     The  occurrence  of  this 
large  scale  cross  betidinir,  the  undulatory  character  of  its 
surface,  the  irregularity  of  its  thickening,  and  the  fact  that 


are  f„„,„   „        ,  '  '"'"'  Z""'  ■""'"'  '""I"'  H*  I-uhI. 


bed.iinV'^Vhe'femmer^iH^feanin"'''''"  «'-'n'«by  Ontario.  .howinK  cro.8 
CImton.  and  re,t«  ,,,on  th^t.JnTheXdlL""'  '""*''  ^e-bi^^orthe 

Figure  3. 

•    ■  ■  3r  west  beneath  the  overlyi...  Clinton  .nrl  v 

ntar b  a  verv  few  f,>«.i    i         ,   '-''"ton  and  ^laJ,'ara• 

1    The  NanclatnQs  h»-    ri 
character  of  the  „al„,.  '  "  '^*''  ''»'»""''«'l  microscopically  ,o  determine  ,h 
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belts  aloiiR  the  seashore,  and  alony  th.>  lake  shores 
(Ontario  an.l  Krie)  :-we  shuul.l  expect  the  suppose.!  (hine 
hell  to  cany  fossils  in  its  upper  portion  since  it  was  mani- 
festly transj^'ressetl  hy  the  (M-ean. 

Hurinj,'  the  course  of  linu;  the  rat.'  ..f  .lepressi..ii  may 
vary  t.)  the  opposite  sense,  i.  e.,  the  lan.l  may  U'^iu  t..  rise. 
ITmler  these  circumstances  the  lan.lwanl  end  of  the  strata 
l.revioualy  .leposited  will  l»e  subjecl.-d  t..  erosion.  During 
a  suhse.iuent  .lepression  the  new  dep..sits  w.udd  rest  un- 
comformahly  upon  them,  while  further  seawanl,  where 
the  earlier  dep..sits  had  n..t  emerue.l,  there  would  he 
structural  cunformahility.  Such  cnditions  .seem  to  have 
e.xiste.1  .l-.rin.^  a  portion  of  I'alieoz.Mc  time  in  eastern  ami 
central  North  America,  where,  in  the  east,  unconf..rmities 
are  found  i)etween  the  various  f.«-nuUi.>ns  makiiiL;  up  the 
Pahcuoic  series,  while  further  west  the  various  memhers 
of  the  whole  series  are  found  with  ilie  younger  conform- 
ably overlying  the  older,  in.li.ative  of  the  fact  that  there 
was  here  continuous  deposition. 

lielalively  slight  variations  of  either  factor,  alone,  or 
of  both  in  opposite  senses  will!  produce  interdigitation  of 
the  three  principal  members  along  the  lines  of  the  transi- 
tion zones. 

The  individual  consideration  of  the  remaining  combi- 
nations is  unnecessary  as  the  final  results  will  be  similar 
to  those  produced  hy  the  variations  alrea.ly  considered. 
Inequalities  in  the  supply  of  material  in  the  diflerent 
zones  to  .synchronous  portions  of  the  same  be. I  (or  '  .-s 
of  beds),  will  lead  to  many  irregularities  in  the  thic!  s 
of  the  bed  in  its  different  })arts.  Th.'  final  pro.luct  niay 
thus  be  very  complex,  though  the  general  princij.les  will 
still  be  applicable. 

In  the  previous  discussion  it  has  been  tacitly  assumed 
that  the  material  supplied  from  the  oldland  area'is  of  such 
a  nature  that  all  three  zones,  including  their  transition 
phases,  will  receive  each  its  quota  of  deposit.  Material 
suitable  to  fulfil  this  condition  will  normally  be  supplied 
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l»y  an   oI.lla,„l  area  wlielhor  it  l,.-  „  ,v-i..,.  of  lu.'tainor- 
Pl'«>«.'.l  rocks.  .s.„.|,  UH  uo  fin.l  i„  tl,«  Kieat  Arch.-an  ar.-as 
»i  Cai.a.la,  or  l,y  an  oMlan.l  an,a  consislin-  of  se.linicnl.s 
'1''I"».siUm1    al    some    iMvce-lin^'    linu',    l-m    sul.s,..,n,.„ilv 
"plifU'd.     In    I  Lis    latter   <as..  tliere  n.av  Ih-   Innporarv 
'rn.KuIanti..s    in    the    .s„,.,,ly   of    ...ateri'al     ..r  anv   on'.- 
or  two  of  t\u'  .lillcrtMit  zones,  an.l  it  is   .,uile    proLahle 
that   tin-  coarsi-r  niafrial    in    its    ,«  +  /)//,.  transporta- 
ti-n,    assumin-    that    tl.u    selin.entarv     ImmIs    .sut.i.Ivin.' 
U    represent    the    ufh   series   of    Ikj.Ls   of    wi.ieh    it  'has 
f<'rn.e.l   a  part,    will    l,e  in    a   somewhat    liner    stale   of 
•livision.      If.-nee  that  material  whieh  in   the  nth  st-ries  of 
•sedimenturies    oecnrs    in    the   shore    zone,    n>ay   in    the 
(«  +  /)//<  series  Ije  foun.l  in  j.art.  at    least,  in   the  two 
outer  zones.     Qnite  freqnenlly  also,  material  .lerive.1  from 
bcils  formed  in  a  jireced in- cycle  of  dep..sition  will  retain 
III  Its  new  position,  certain  .-haracteristics  (of  color  form 
structnre,  content)  whicli  make  it  possible  to  reco.r„ize 
that  It  l«longe.l  to  a  preceding  cycle  of  se.limentation 
On  the  other  hand,  it  will  often  l..se  these  characteristics 
and  then  it  will  l,e  impossii.le  to  infer  the  numher  of  cycles 
of  schmentation  through  which  it  has  passed  to  its  present 
resting  i»lace. 

Directly  or  indirectly,  the  materials  which  go  to  form 
the  sub-a.,ueous  deposits  are    derived   chietlv  from    the 
waste  of  the  land.     In  the  case  of  the  limestones  of  various 
types  :  ad,  m  part,  of  some  of  the  shales,  the  material  of 
which  they  are  composed  is  less  often  a  direct  derivative  of 
the  waste  of  the  oldland,  more  frequently  it  is  a  .secondary 
product  due   to   the   intervention   of  organic  life   or   to 
chemical   action.     In    the   previous   discussion   reference 
was   made  to  the  normal  existence  of  a  /one  in  which 
limestone  would  be  formed.     When  we  consider  the  usual 
manner   of   the  formation  of    this  limestone   it   became 
necessary  to    vwdify,  to    a  certain   e.xtent.  our    primary 
theoretical  concept.     Along  the  margin  of  the  land  within 
the  zones  of  deposition  of  sauds  and  shales,  the  materials 
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lK'in«  (Ipposit..,!,  ,11,.,  t..  a   larj;.'  fxt.-nt,  iniminil   to  tlif 
L'xisifiicf    I'i    alMiiidanl    i-iyaiiic  litV.   I.ut    in    ih.-    clfaii'r 
waters  bi'Vuriil  tlu'sc  zones,  provided  iImti'  is  a  sullicit-iit 
food  snpply,  various  ft)rms  will  iiornially,  lie  nion-  al.iin.lant. 
These   lyprs.  hy  the  j,'rowili  of  their   hard    parts  and  the 
suhse.|U('nt  eoniniiniition  of  tht'se,  transfer  th.'  lime  from 
a  Holntinn  of  cakari-ons  compouniis  in  the  sea  water  to  the 
ocean   tloor  to  t-vcntiially  form  limeslones.      Aj^'aiii.  under 
certain  eondilions  tliu  calcareous  mateiials  aie  deposited 
without    the    intervention    of    or>;anic    forms.       F..r    the 
f(»rmation   of  limestone  heds  in  the.se  ways  dnj,  water   iy 
thus  not  ,ihra,/.i  nsrntm/  (and.  in   tlie  former  ca.se,  hcyotul 
a  certain  maximum  depth,  fi.xed  hy  tlie  depth  of  water  at 
which  a  fauna  can  thrive,  detrimental).     Solon-,'  a.s  the 
lime-producinrr  forms  are  not  hindered  in  their  ;,'rowth  hy 
deleterious    material    or    lack   of    food    supply,    they  will 
continue  to  j,'row.       Hence,  under  favourahle  oondhioiis, 
tliere   will   be   fre«piently  formed  (jtl-shore  reefs,  usually 
chiefly  of  (•f)rals,  hut   many  other   forms   will  also  thrive 
here,  «•.//..  Harrier  reefs  of  Australasia.     These  reefs  may 
also  lie  covered  with  comi»aralively  shallow  water,  and  the 
ohler  parts  mi^ht  in  places  be  exposed.     Under  these  con- 
ditions, the  action  of  the  win<l  and  waves  will  lead  to  the 
comminution  of  the  materials  of  wldch  they  are  composed 
and   the  formation  of  all  the  van,   :s  types  of  limestone 
rock,    included    within    the    types    recently    desi<,'nated 
calcirudite,   calarenite,   calcilutite  by  drabau.'     Tl^e  dis- 
tribution  of    these  various  types  of  rock   will    bear  the 
same  relation  to  their  source,  the  coral  reefs,  as  does  the 
normal  distribution  of   sedimentary  formations    to    their 
source,  the  oldland.     Such  conditions  seem  to  have  pre- 
vailed during  the  period  of  the  formatiijn  of  the  Silurian 
and  the  Devonian  limestones  in  New  York  and  elsewhere. 
Still    another  .secondary  consideration    now    sutfcrests 
itself.     If  the  supply  of  material  detrimental  to  the  exist- 
ence of  a  great  abundance  of  organic  forms  diminishes  or 
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^  pects  that    tlu.  for,ns  will  spread  fro.,.  ,..a,.v  .....ire; 

-twunlo,^  towards  tl.na...I  at  l..a..t.  a,..|  that  .|'u,i.../thu 
c>..t...„e.!  .lepn-ssi. f  tl.at  la...l  an-a  tl..-  m.  ,..av  tnu    - 

U-.u,H,...ta,.dtl.....at,.rialfon..Ml.y,h....o,..,;,,..,t,,. 
"  I  ..•  haul  parts  of  ,1...,.  o,«a,.i..  ror.,.,s  will  f..,,..  a  s..,ies 
"f  .lqH..s.is  ,..s,i„«  .|i.c..tly  „,K...  th.  ol.llan.l.  S„..|;r.,r- 
nmt,o,.s    are    now    1h,m..«    for,„...|    al..,.,    parts    of    the 

.       hat  su..h  also    on  a  .so.n.what   greater  L^^^^^^    • 

when  Th  T'T\  ''  '•'"■--''-'-'«  i'--.w.ia„  ti...; 

wie,     the   c.<,.als.    winch    Parks    fo,„..l    with    tin-     hases 

s...    Ha>    has,..    a..,l  s,.eh   was    the    case    i..  ur.uy  other 
loc-ahfes      I.,  the  ease  of   the  exa.nple   eite.l  as  o<...r 
nng   at    K...,.to,.    M.lls.  the  f,.as„.e;.,s   of    the   cH.    id 
Hte.ns    are    «on.eti...e.s    several     i,.ehes    i..    le,.,.,..      The 
Pt'bhles  of   the   co,.«Io...erate  with  which  thes:  a.,d  the 

Uvu  u..hes  .„   d.a,..etev.  a.,d  the  fossils  are  fou,..l  i,.  the 

Sil^iX.™:;^'^  .f  i  ?r  ""^"- '- 

""c  II  iiiis  wtre  not  '     iinunuted  suirL'ests  Mnt 

he.  ,.    east   the  water  .....sM.ave   ..en  eo.^::l^ 

net  and  he„ce  we  n.ay  draw  the  not  unnatu.ai  i..ference 

that  the  waters  were  moderately  deep.     The   calcareous 

;:!c;Lt"^^'^^"''^^^^^ 

thatV7'f"''''T"/  ''''  *""'*=°'"^'  P'-^Positions  indicates 
that  a  feature  winch  one  would  expect  to  find  in  any 
series  of  deposits  is  a  /.onal  arrangenient  of  the  various 
members.  Not  only  ...ay  there  be  two  litholo-ncj  e" 
treme  anda,..ea,.  of  synchronous  beds  (orse.iesof  strata) 
but  du,-.ng  the  period  of  continuous  depression  and  depo 
sition  there  may  be  formed  a  continuous  ba..d  of  each  nf 
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thp  litlK.lnjrical  ty|H.s.  un.l  ,..„  |,  „f  i|„.m,.  |,aii.|s  will  Ih' 
fomiK.siMl  ,,f  l,e.|s  iuiil  nicli  1....I  may  .oiitiiin  fmins  sue- 
tcssi.    \\    -Mfror  vmuii^.t  tliiiii  tlu-  lM-.i^..f  tin-  same  /nnal 

l)(iii(lalH.\,.aii.|  k'luw.    Wh.-ii  tli,.ri'l.a>  I n  (m..iv  nj- i.-ssj 

c«»iitiiiii.»iiH  .lopressioii  of  tin'  laixl  f..,  a  |..iij,'  iiil.Tval,  with 
(tiinrf  (.rl.-H)  conliiiiKMiH  .su|,|,ly  ..f  iiiaU>rial  siiital.Ie  for 
all  lliive  zurH's,  il,,.,,  siil.s.-.,ii.-iit  uplift  ami  f'insi(.ti  ,,v.'r 
t'xt.'iisiv..  am.s,  tho   f..n,iatioii   ri'Siiu;,'  ii|m.u   tlir   ..Mlaixl 

.surface  will  normally  Ik-  a  -<aii.lsi Tlif  uarli.-r  t'orm.Ml 

IH)rtion  of  this  .san.lstom-  will  naliiially  .arry  r..s.«il  forms 
nppropriat.'  to  the  a;:.'  in  which  th.-y  liv»'.|,  ami  tiie  later 
foriiR'tl  likuwis.'.  Ami  has  ivc'iitly  drawn  att.Miti..n  to 
arenaceous  character  of  the  formations  restiny  upon  the 
older  rocks,  al.ii;;  the  axis  of  the  Appalachian  system, 
and  to  the  progr.'ssive  change  in  faunas  from  (anil.rian 
types  in  New  dersey  northward  to  Ordovician  types  in 
Canada,  as  illustratinj,'  the  proj,'ressive  depression  of  the 
lan.l  areas  during,'  the  prorrress  of  early  j.alaeozoic  time.' 

Kurthc'-,  it  must  he  n.-ted  tliat,  although  the  normal 
type  of  deposits   would   show   the    threefold   litho|..gical 
groupinj,',  yet  irregularities  in  the  supply  of  material  and 
variations    in    the   character  of  that  which   is  supjilied, 
variations  which  will  Im-  of  very  fretjuent  .K-currence,  will 
mean  that  in  the  Meld  t  -idy  r,„iffii,pom,it;>,fs  heds  in  f/i,' 
three  zoms  n-ill  he  rare,  that   all  tlire,-  t,qm  of  i/,fH,Hif  may 
lie  composed  of   the   ww-    kinds  of  material,    a    feature 
frefjuently  .seen  in  the   lime.str)ne  deposits,  and,  ihirdiv, 
that^<;(f  or  more  of  the  types  may  he  rompletelii  n-nnfing.' 
After  a  long  interval  of  lime  during  which  a  succession 
of  deposits  has  heen  form.'d  under  varying  conditions,  the 
sea  hottom  becomes  uplifted,  and  the  new  formed  rocks 
are  subjected  to  long  continued  disintegration,  degrada- 
tion, and  dis.section.     The  greater  part  of  the  deposUs  are 
worn    away:    fragments    only    remain    here    an<l    there, 
.scattered  over  the  area  where  they  were  once  conliijuous. 
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fiwHiU  Still  it  w.Mil.l  Ih.  Ml,vi..(i,ly  iiicorre.!  u.  suv  thai 
th.'  two  saii.|.tni„.,4  w.-i,.  of  tho  41,111,.  rii.'.-  'Hiis  \v..ul.|  In> 
c<|iMlly  trii.'  W.T.-   e.i.  h  „f   i|„.   l^-.U   r.-|.ifH..iit.-.|  u,   tin- 

H«uie  II  SIMM'S  of  similar  U-.U,  itmt.Nul  ..f  a  hih-I „.. 

WluMi  til.'  •.\|M,.siii,w  an-  f.ir  i.-iii..v.'.|  from  li Mhiml 

nhor.'.  aii.l  tli..r.-  is  v.-iy  liith- .{..iil.t  that  tlifui.l  jamlwanl 
fXleiiHi.,!!  ul  til.'  I«.|s  is  (•..mpl.'trly  p.tii.,  tli.'  ..r.ler  of 
Mii|K,'r|M.Hitioii  ill  the  rliir,  or  a.-ro^s  ."ouniiy  in  u  n-yion  of 
liKhtly  iiu-lim..|  .lips,  miiy  !«•  t„k.'ii  ha  thi'  or.h-f  ..f  nucvs- 
Hioii.  Sii.h  a  s..ri.'s  a.H  that  n-pri'si'iir...!  hy  th..  .M...liiia- 
Nia^rara  series  in  Ciiiral  Ontario  ami  W.-Htein  N.'w  York 
will  S.TV..  as  a  ra.s.'  in  poini  In  areas  ,„/J,„,nf  to  llie 
iiiar^'in  of  tli.-  ancient  8.'a  the  correlaiion  of  the  wiilely 
Ht'|«irat.'.l  ■  'positH  on  litliolo;;it.a|  „r  even  |mIi.ontoIo..M,a'l 
«rouii.ls  list  I .'  ina.le  with  ytval  .ar,'.  Wlieie  litholojri- 
cally  Ml   .lar  deposits  curry  similar  fossils  -ontemporaneity 

of  e(K)(|i   may  generally  Im-   postnlat <.n   the  .on- 

trary.  the  f..rms  ar"  not  identical,  aiiu  he  dejKisits  are 
litholo-ically  unlike,  they  may  still  1^.  ^..ntem|H»raneous 
deposits  of  (lillerenl  /ones. 

Where  a  small  e.\|K)siire  of  rmk  is  fouml  carryiii  • 
fo.s.sils  which  are  iiornially  consi.lere.l  to  Ih-  characteristic 
of  two  (lifjerent  lerranes,  ami  as  a  conse.nieme  the  IkhIs 
are  inferred  to  be  transitional  ones  helween  the  two 
terranes,  it  must  also  !«.  recojr„ized  that  this  p..rti..n  of 
the  l)ed  may  mark  a  transition  in  a  liorizonlul  direction, 
l)einjr  l)iit  a  portion  of  a  synchronons  Ijed  of  varying 
nieml»ers. 

App'.yinj;  these  considerations  to  the  correlation  of  the 
sedimeniary  ileiM.sits  alon^  the  margin  of  the  Frontenac 
axis,  so  far  as  the  writer  is  aware,  no  single  l«d  has  l^^en 
traced  through  various  /ones.  Whether  it  is  possil-le  to 
«lo  this  is  prolilematical,  hecaiLse  of  the  di.scontiniiity  of 
tlie  outcroi)s.  Inasmuch  as  this  has  not  lieenMone,  there 
must  l)e  a  factor  of  uncertainty  in  any  conclusions  which 
may  lie  reached.  There  remains,  however,  the  question 
HS  to  what  interpretation  does  the  balance  of  probabilities 
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av.'iui.'..  .|..|.t|,  |,„H  U'.'ii  MuI.hI  iM  \„,  liair  a  ^W^tw  Uran.,. 
t.r  tfh'  iim>\.iiii.,i  .,f  ||„.  tl.H.i.  ih»»iHlii.»l  III!  hiiati 
«fiii«ii||.ral.|v       Thi>   I.k-iI    vuiiiili. 
.1 


I'hs  \.ii  V 


•II.   roini.itii'il    Mill,    tlit. 


loll 


•  li-wMiiiinuity  ..f  i| i.r..|,*,   i..|„|i'Ih  ,.xa.:t   ••.•nclii 

•'"• liiiKly  .liiliciili,  if  not  iiii|H.!.Mii.|i., 

Ill  aiiv  iiil.'m|-iiil  ii.ir.Iiitinii  ..f  \n.|i.|v  M-pamii'.!  \,,-y\H 
\>\  aiil  nr  tli.ir  iiM  liiiittioii  It  iiiiui  nut  !»•  l..r„'..ttfii  ili.u 
III.'  Ikj.Ih  ..liyiiiilly  oxi>*t.'i|.  ..,11  h  a^  a  <  •>titiiiii<<to  -li.rt 
<»\.T  Uxx"  ii.UH,  i„  l„l„  |,|.,l.iil.|y  I,.|i>.  ,|ia|NMl,  aii<i  ii-.l 
only  imiMt  til.'  iiiaxiiiniiii  in.  liiiatioii  .ir  liip  !«•  kiiuun  i,iii 
tliu  iiK-linatKiii    III    til.'    .liiwti.iii  ..f   tli.>    Ini.*   l«.t\\.Mii  tli.- 


twii  Ih'iU  wIi. 


laiiif.l      TIm'  .'vi.l 


•  iniflatiuii    ii   at».'iii|.t.'(|    iiMHl    !»•  a*i.T 


I'll. ..  al  pifs.iit    a\ailal.|f   miik. 


•  ■\.ii  a 


•  a    iiimI.'i    tli^.iixioii 


I'.trr.'lu.     11   Ml    ihJH    kiii.i    ill    till,    ill 
ilil|Hmsi,i|t_' 

Willi  our  |.i.'s,.|||   availal.l.     kii.nl.-.jyf    it   .aiuiot    1^ 
l»r«)veii  that  tin-  liim'si..ii..s  ..r  arj:iIla".oii)«  ImmN  in  tli.-i,ii. 


I.Kiilitv   ar.'   Hviicl 


If-'PliiilH     I.I     I'lilll.'liljMiiiiiicuils     witli    til 


•iailiUloiii'    ill     l|„.    utll.T;    li.)l         HI     It     Im-    |,|m\,.|,    ||,:,t    tl 

saiidsliiiifH  aiil.'ilaii.    tlu'    , 
I»laies    wli.Tf    ImiiIi    imtiii- 


l>ec 


rillM'S  ll.r.'SMai  \    til    >1|(pW    til 


y<Miii;rt'r  than  ihf  saiiil>i 


III'-,   t'\(i|.|    III    iIm'    few 
ill    wlii.  h    .'V.'iii    it 
Im'sc   iiiiii'sliiiu'f*  aiv  also 


OlU'H   .' 


Is.'wl 


»'H' 


localil 


To  ilu'  wiitfi  thr  iM.->il,iIity  that  tli.-  -ainlstni 


It's   Ml   (illf 


y  all'    •yiMhroiioiis  with   tlic  arj:illai cons   Ih.|>    umI 


the   liiii.'sloii,.^  in  aiiotlifi  si'diis  iiiur,.  |,Iini>il.I(;  than   that 
they  aiit.'.late  iIh-iii.     This  inhTpri'lation  also  ohviat.-  ilu- 


iit'cessity  of  assiuiiiii','  a  time  interval  of    s. 


'liH'   ilniatioii 


j.osition   of  th.'   sainlstoiM.'s  aii.l    ihc    I'.Ia.k 

'(■rolls  ami 


iM'lwi't'ii   thf  ill 

IJivcr  linieston.',  iliuiiiL:  which  iiitt-rvai  the  (  alnf 

the  (hazy  wt'iv  ile|.osii,',i  t'lscwhnv,  an<l  .hiriiiy  whi,  h  il, 

iioii-fossilifi'roiis    licls    Ih'Iuw   the   i'.lack    1,' 

the  saiKlst'Mie  may  have  Lci'ti  dt'iiositt'd  hi-ic. 

Were  fossils  picsent  in  tin-  sainlsloiu'  this  {"'ssii-ility 
wmil.t  |,e  III  11,1  way  .liminislie.l  l.y  the  fact,  even  were 
some  of   them  rorsdam  forms.      In   the   locality  east  of 


ii\er  and   alio\t 


„^^i» 


n.on,  nf  FunmlioH  of  S,ufi,„rnt,in,  I)r,.„v/M.       IM 
"'•'  ''xi^*.  in   .1...   i..w,.s|,i,.   ..f  |...unl.s.|..w,.   ,.,,.1   ..Is..wlu.,v 

I    .>,.s  H.ar...r..ns,,....f,,,.r.lnf.....s,,,.. .,.,,, ^^^ 

tl»'lH..|„,wlM.I,  ,l...yon„,„.a.v.j„s,i,i.|.|vl.,,,., .,,,., 

as  a  .,aMs.,i..nal  pha...  i„  a  1...,  i.o„,al' as  wll  ,s  a 
v.Ttua  .l„v,.,io„  tnwanls  ,h,  l,^U'v  UmuUuu  To 
';.'■"'■  "'."  1 '■'■I'"^'"'  '""l^"'^"  intnpn.ta.ion  ..I,-a,er.  Ki-.  4 
|l.a;;.a„MlaI  V  n-,.n....,Ms  a  ,,o,,ion  ..f  an  dlipsoiiial 
l-M.   ,M   wh,..|.  .l.,.,.osi,i..n,  a<r.„„pani...|   l,v  slow    l.-pn-s- 

"•""   ' ''''"•  -"""•-^'-•<-  li.u's  an.  shown  i„  noss- 
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section  at    th.   poin.s  wh.-re   the  youn^.er  strata  overlap 

u..n   to  n.s,  upon  ,he  crystalline  area.      Snl.se.p.entlv  i 
t      In  tory  of  the  has, „  the  lan.I  n.ay  rise  son.ewhat.'and 
l.e    even    sl,.htly    tilte.l.  an.l    the   sea    withdraws. 
unn«  the  pro,n-ess  of  .le.ra.iation  the  ,-reater  portion  of 
u..se,lnnentsareren,ove.l:  hut  snppo.se  sn.all  ren.nants 
^'^ '^^^^^  -r^  ;^taiio  W  Unuulii  .,,,  r..my  W  S..U  that 
H«mal,   ,.„,,..„  .,fu.e  shah,  or  Ii„.estones  of.  «uvh 
•'"ml-  f.ve  nnVht  he  left  alon.  „„  f^nt  of   the  scV.ion 
"f  the   b.s,n.  while   towanls    the   haek  a  ,,orti..n   of   the 
-mlstone  of  he.1   nnn.her  three  ren.ains  in   a  protee     1 
.ollow  an.o„K  the  crystallines.       Ft  would  he  e.x'.e.Iin!^ 
|l.rt-u  t    ,t   not  in.possihle,  to  correlate  the  two,  parti^;. 
.  .b  ,f  they  were  son.e  nuh-s  apart.     P.u,  since  the  sand- 
s  ones    heneath    the    renu.ant    of    hed    nun.her    five   are 
ulent.cal  m  con.position  with  the  re.unant  of  bed  nun.her 
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lliicf,  Ixraust'  form.'. I  tn»iii  ilie  .saiiu"  sfnirrt'.  ilicsr  i\v«t 
wliicli  art*  nut  syiuliroiiuiis  Imi  siicccssiv*'  w.niM  in  the 
usnal  imu'ticf  Ik-  c.irr.-lalf.l.  The  same  woiilil  !..•  une  if 
eacli  1m'(I,  as  shown  in  the  (lia<,'raiii.  rc|ii'ust>iiti'ii  a  scrips  nf 
similar  IumIs. 

The  wiii.T  wonl.l  then  sn;;;,'t'st  that  that  iht-ie  is  a 
stutuif  a  jtrioii  reason  for  assnminj:  that  these  IkmLs  are 
eoiiiemi>oraneons  with  tlie  lieds  ..f  linicslone  ami  aru'il- 
laceoiis  shales  heiovv  the  Trentun,  ami   prolialily  sjiiehnt- 

noiiH  with  sniiie  of  ihcm.      From   the  p-neial  direeti f 

the  (lips  there  is  a  remote  possiliilitv  of  s(.me  of  the  more 
(lisiunt  outliers  to  the  north  lieini,'  synchronous  with  the 
lowest  ImmIs  of  the  'rrenlon,  hut  this  cannot  he  proven.' 

Naturally  the  <|Uestion  mi^hl  lie  asked,  wouM  you  make 
all  i'otsdam  conteniporaiifous  with  the  lower  'rreiil(»n  i* 
Certainly  not.  Totsdani,  as  a  formational  name,  was 
intntduced  to  denote  .1  horizon  which  is  su|»po.sed  in  lie 
},'eoloc,Mcally  older  than  the  Trenton  and  which  posses,.<es 
certain  delinite  types  of  fo.ssils.  and  shoidd  he  limited  in 
its  u.se  to  horizons  where  these  two  relations  are  proven 
to  hold.  Tht;  extension  of  the  term  t<i  horizons  in  areas 
where  the  relations  do  not  hold  is  apt  only  to  lead  to 
confusion.  At  present  in  Ontario  much  that  has  heeii 
classe  '  as  Totsdam,  particularly  on  liiholof,'ical  grounds, 
is  prohahly  contemporaneous  with  linu'st«ines  n-ferred  to 
later  horiztuis  now  exposed  elsewhere.  The  ToLsdam 
sandstone  undouhtedly  should  merjje  into  limestone 
horizontally,  unless  our  idt'asof  the  proce,s.ses  of  deposition 
are  incorrect.  Where  tin?  line  of  division  comes  in  it 
would  he  dillicult  to  sav. 


1  WIlMin.  Cli.ui.  (icol.  Ciniral  Onlnrlo.      In  thin  ph|ht.  dm  the  lia»l«  nf  thi- iiIiom. 

ilcdiiclliiii".  Ilif  writer  advnnccil  tin-  \  Itwn  iiiiillm-.l  here  in rt'  dciai:.  Siilmciiivntly 

Dr.  \nil,iif  Clii-lMMiloKlcnl  Siirvij-  |i.'|iiirtnifnt.  cli»irllv.'.l  ilii'  Kiiliaii  K..niialiiiri.  wlilrh 
1»  Miailc  III  Inohiile  the  f,irniailiiii»  lirrf  riffrre<l  to,  bin  llir  urculiT  p.irt  of  wlilih  llr» 
to  llir  ca-t  111  the  Krontinai'  nxl.*.  as  IxImk  iIw  -Imrrwanl  ixumikIum  nf  iliiCai.ll.TniiM 
mill  Chaz.v.  Dr  Aciil'n  iiapir  (().'<il.  Siio.  .Aiin-r.  Knclii'MiT.  I'.HfJ.  i  has  im!  yet  ciiiiif  l«i 
liaml.  lull  111!'  wriltr  iinili'mtniiilH  Unit  ili<>  rfsultKnf  his  sliiillri  mi  ih..  .•iLHicrii  »l.|e  of 
the  ii\K  in  1,'eiiirnl  cunnrni  ihr  riinrliislnnii  rrachnl  li.v  tin-  wrilir  afterasiinly  nf  Ihr 
«niallir.x|i.i»un'i.i>nlhe  west  Tin-  lailiT  llio  »  rllcrVonslilfrs  h»  iiriilialil\  tlii-shiin- 
wiin)  ixtiiiBlnii  nf  the  rariy  Hlack  UUit  railiiT  ihan  Ihf  (hazy. 
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